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Abstract of WO01 98657 

A reciprocating refrigerant compressor, 
comprising a cyiinder block having a cylinder 
bore (6), a compression chamber formed in the 
cylinder bore (6), a cylinder head allowing an 
intake chamber for storing refrigerant gas sucked 
into the compression chamber to be formed 
therein and connected to the cylinder block, a 
valve plate (2) disposed between the 
compression chamber and a low pressure 
chamber and allowing an intake port (60) for 
leading the refrigerant in the intake chamber to 
the compression chamber to be formed therein, 
and an intake valve (70) opening and closing the 
intake port (60), wherein the shape of the tip part 
of the intake valve (70) is formed to correspond 
to the shape of the intake port (60), the intake 
port (60) is formed in a noncircular shape, a part 
of the opening edge of the intake port (60) is 
projected to the inside of the intake port (60), and 
tangential lines (m) drawn from the projected 
parts (90, 91 , 92, 93) are crossed with the 
opening edge of the intake port (60) at at least 
two positions. 
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RECI PROCATI NG REFRI GERANT COMPRESSOR 



Description of corresponding document: Tr:3r!-.iaie-- th.^ 'e-vi 

EP1 298322 



Teclnnical Field 



[0001] TInis invention relates to a reciprocating refrigerant compressor and more particularly to a 
reciprocating refrigerant compressor having a valve plate arranged between a cylinder block and a cylinder 
head. 



Background Art 



[0002] Conventionally, a type of conventional reciprocating refrigerant compressor has been proposed 
which includes a cylinder block having a cylinder bore, a piston for linear reciprocating motion within the 
cylinder bore, a compression chamber defined within the cylinder bore, a cylinder head formed with a 
suction chamber into which refrigerant gas is received for being drawn into the compression chamber, a 
valve plate formed with an inlet port for guiding the refrigerant from the suction chamber into the 
compression chamber, and an inlet valve for opening and closing the refrigerant inlet port. 

[0003] The cylinder head is fixed to one end face of the cylinder block. 

[0004] FIG. 8 is a fragmentary expanded plan view of a valve plate of the conventional reciprocating 
refrigerant compressor. 

[0005] The valve plate 402 is arranged between the cylinder head and the cylinder block, while the inlet 
valve 470 is arranged between the valve plate 402 and the cylinder block 470. 

[0006] When the piston is moved from a top dead center position to a bottom dead center position, the inlet 
valve 470 opens into the cylinder bore 406, whereby the refrigerant flows from the suction chamber into the 
compression chamber via the inlet port 460. 

[0007] When the piston is moved from the bottom dead center position to the top dead center position, the 
refrigerant inlet valve 470 is closed and the refrigerant is compressed within the compression chamber. 

[0008] However, the cross-sectional area of the inlet port 460 is smaller than the cross-sectional area of the 
suction chamber, and therefore, when the piston is moved from the top dead center position to the bottom 
dead center position as described above, the flow of the refrigerant gas from the suction chamber is 
restricted at the inlet port 460, which prevents smooth flow of the gas into the compression chamber. 

[0009] Further, since the cross-sectional area of the inlet port 460 is small and the load of the refrigerant 
gas acting on the inlet valve 470 is low when it is opened, the inlet valve 470 is delayed in timing of 
opening, and bursts open, which in combination with resilient physical properties of the inlet valve 470 
causes self-induced vibration of the valve 470. This vibration produces a pulsation of the suctioned gas to 
cause resonance in an evaporator, thereby producing noise. 

[0010] To improve the suction efficiency of the refrigerant gas, and suppress the self-excited vibration of the 
inlet valve 470, it is only required to increase the size of the inlet port 460 or the number of holes of the inlet 
port 460. 

[001 1] However, if the size of the inlet port 460 is increased, when the piston is moved from the bottom 
dead center position to the top dead center position as described above, the pressure of the refrigerant gas 
in the compression chamber acts on the inlet valve 470, and the pressure acting on this occasion can 
cause deformation or breakage of the inlet valve 470. 
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[0012] Further, to increase the number of holes of the inlet ports 460, additional space is necessary for the 
provision of additional holes, and at the same time, the inlet valve is increased in size and weight, which 
lowers the natural frequency of the inlet valve 470 to sometimes cause resonance of the same. 

[0013] An object of the invention is to provide a reciprocating refrigerant compressor which is capable of 
preventing deformation and breakage of an inlet valve and resonance of the inlet valve when refrigerant is 
compressed, and at the same time, realizing improvement of the suction efficiency of the refrigerant and 
suppression of self-excited vibration of the inlet valve when the refrigerant is suctioned. 



Disclosure of the Invention 



[0014] To attain the above object, according to a reciprocating refrigerant compressor of the present 
invention, in a reciprocating refrigerant compressor including a cylinder block having a cylinder bore, a 
compression chamber defined within the cylinder bore, a cylinder head that has a low-pressure chamber 
formed therein for receiving refrigerant gas to be drawn into the compression chamber, and is coupled to 
one end face of the cylinder block, a valve plate that is arranged between the compression chamber and 
the low-pressure chamber, and is formed with an inlet port for guiding the refrigerant from the low-pressure 
chamber into the compression chamber, and an inlet valve for opening and closing the inlet port, wherein 
the inlet valve has an end whose shape is adapted to a shape of the inlet port, the shape of the inlet port is 
non-circular, and a portion of an opening edge of the inlet port protrudes into the inside of the inlet port, with 
tangential lines drawn from the protruding portion intersecting with the opening edge of the inlet port at least 
two points. 

[001 5] As described above, the shape of the inlet port is non-circular, and a portion of an opening edge of 
the inlet port protrudes into the inside of the inlet port, with tangential lines drawn from the protruding 
portion intersecting with the opening end of the inlet port at least two points. Therefore, the refrigerant 
becomes easy to flow into the compression chamber, and when the refrigerant within the compression 
chamber is compressed, the inlet valve is supported by the periphery of the inlet port. Further, when the 
inlet port is opened, the area receiving pressure is large, which increases load of the refrigerant acting on 
the inlet valve, so that the timing of opening of the inlet valve is not delayed. Therefore, it is possible to 
prevent deformation or breakage of the inlet valve and resonance of the inlet valve when the refrigerant is 
compressed, and at the same time, realize the improvement of suction efficiency and suppression of self- 
excited vibration of the inlet valve, when the refrigerant is drawn in. 

[0016] According to a reciprocating refrigerant compressor of the present invention, in a reciprocating 
refrigerant compressor including a cylinder block having a cylinder bore, a compression chamber defined 
within the cylinder bore, a cylinder head that has a low-pressure chamber formed therein for receiving 
refrigerant gas to be drawn into the compression chamber, and is coupled to one end face of the cylinder 
block, a valve plate that is arranged between the compression chamber and the low-pressure chamber, and 
is formed with an inlet port for guiding the refrigerant from the low-pressure chamber into the compression 
chamber, and an inlet valve for opening and closing the inlet port, wherein the inlet valve has an end whose 
shape is adapted to a shape of the inlet port, the shape of the inlet port is non-circular, and at least two 
portions of a periphery of the inlet port touch an inscribed circle, with a maximum diameter of the inlet port 
being larger than a diameter of the inscribed circle of the inlet port. 

[0017] As described above, the shape of the inlet port is non-circular, and at least two portions of a 
periphery of the inlet port touch an inscribed circle, with a maximum diameter of the inlet port being larger 
than a diameter of the inscribed circle of the inlet port. Therefore, the refrigerant becomes easy to flow into 
the compression chamber, and when the refrigerant within the compression chamber is compressed, the 
inlet valve is supported by the periphery of the inlet port. Further, when the inlet port is opened, the area 
receiving pressure is large, which increases load of the refrigerant acting on the inlet valve, so that the 
timing of opening of the inlet valve is not delayed. Therefore, it is possible to prevent deformation or 
breakage of the inlet valve and resonance of the inlet valve when the refrigerant is compressed, and at the 
same time, realize the improvement of suction efficiency and suppression of self-excited vibration of the 
inlet valve, when the refrigerant is drawn in. 

[0018] According to a reciprocating refrigerant compressor of the present invention, in a reciprocating 
refrigerant compressor including a cylinder block having a cylinder bore, a compression chamber defined 
within the cylinder bore, a cylinder head that has a low-pressure chamber formed therein for receiving 
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refrigerant gas to be drawn into tine compression cinannber, and is coupled to one end face of tine cylinder 
block, a valve plate that is arranged between the compression chamber and the low-pressure chamber, and 
is formed with an inlet port for guiding the refrigerant from the low-pressure chamber into the compression 
chamber, and an inlet valve for opening and closing the inlet port, wherein the inlet valve has an end whose 
shape is adapted to a shape of the inlet port, the shape of the inlet port is non-circular, and at least two 
portions of the inlet port extend radially outward off an inscribed circle of the inlet port. 

[0019] As described above, the shape of the inlet port is non-circular, and at least two portions of the inlet 
port extend radially outward off an inscribed circle of the inlet port. Therefore, the refrigerant becomes easy 
to flow into the compression chamber, and when the refrigerant within the compression chamber is 
compressed, the inlet valve is supported by the periphery of the inlet port. Further, when the inlet port is 
opened, the area receiving pressure is large, which increases load of the refrigerant acting on the inlet 
valve, so that the timing of opening of the inlet valve is not delayed. Therefore, it is possible to prevent 
deformation or breakage of the inlet valve and resonance of the inlet valve when the refrigerant is 
compressed, and at the same time, realize the improvement of suction efficiency and suppression of self- 
excited vibration of the inlet valve, when the refrigerant is drawn in. 

[0020] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance. 

[0021] As described above, the inlet port has a portion close to an inner peripheral surface of the cylinder 
bore, and opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced 
from the inner peripheral surface of the cylinder bore by a predetermined distance. Therefore, the opposite 
end portions of the end of the inlet valve in the circumferential direction of the valve plate are spaced from 
the inner peripheral surface of the cylinder bore by the predetermined distance. This allows the refrigerant 
to flow between the opposite end portions of the end of the inlet valve in the circumferential direction of the 
valve plate and the inner peripheral surface of the cylinder bore when the refrigerant flows into the 
compression chamber. This makes it easier for the refrigerant to flow into the compression chamber. 

[0022] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber. 



[0023] As described above, since the inlet port is provided, at a rate of at least one inlet port per the 
compression chamber, the amount of refrigerant flowing into the compression chamber is increased. 
Therefore, the charging efficiency of refrigerant is enhanced. 

[0024] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber. 

[0025] Preferably, a center of an inscribed circle of an inlet port is located on a center line of the inlet valve. 

[0026] As described above, since a center of an inscribed circle of the inlet port is located on a center line 
of the inlet valve, when the inlet valve is opened, the inlet valve is hard to be twisted. This makes the inlet 

valve less prone to being twisted. 

[0027] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential distance of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a center of an inscribed circle of 
the inlet port being located on a center line of the inlet valve. 

[0028] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

[0029] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, a center of an inscribed circle of the inlet port 
being located on a center line of the inlet valve. 
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[0030] Preferably, a diameter of the inlet port perpendicular to a radial direction of the valve plate is larger 
than a diameter of the inscribed circle. 

[0031] As described above, since a diameter of the inlet port perpendicular to the radial direction of the 
valve plate is larger than a diameter of an inscribed circle, the flow rate of refrigerant flowing in is increased. 



[0032] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a diameter of the inlet port 
perpendicular to a radial direction of the valve plate being larger than a diameter of the inscribed circle. 

[0033] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a diameter of the inlet port perpendicular to a radial direction of the valve plate is larger than a diameter 
of the inscribed circle. 

[0034] Preferably, a center of an inscribed circle of the inlet port is located on a center line of the inlet valve, 
and a diameter of the inlet port perpendicular to a radial direction of the valve plate is larger than a diameter 
of the inscribed circle. 

[0035] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, and a diameter of the inlet port perpendicular to 
a radial direction of the valve plate being larger than a diameter of the inscribed circle. 

[0036] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a center of an inscribed circle of 
the inlet port being located on a center line of the inlet valve, and a diameter of the inlet port perpendicular 
to a radial direction of the valve plate being larger than the diameter of the inscribed circle. 

[0037] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a center of an inscribed circle of the inlet port is located on a center line of the inlet valve, a diameter of 
the inlet port perpendicular to a radial direction of the valve plate being larger than a diameter of the 
inscribed circle. 

[0038] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, a center of an inscribed circle of the inlet port 
being located on a center line of the inlet valve, and a diameter of the inlet port perpendicular to a radial 
direction of the valve plate being larger than a diameter of the inscribed circle. 

[0039] Preferably, a diameter of the inlet port in a radial direction of the valve plate is larger than a diameter 

of the inscribed circle. 

[0040] As described above, since a diameter of a radial direction of the valve plate is larger than a diameter 
of the inscribed circle, the flow rate of refrigerant flowing in is increased. 

[0041] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a diameter of the inlet port in a 
radial direction of the valve plate being larger than the diameter of the inscribed circle. 

[0042] Preferably, the inlet port is provided, at rate of at least one inlet port par the compression chamber, 
and a diameter of the inlet port in a radial direction of the valve plate is larger than a diameter of the 
inscribed circle. 

[0043] Preferably, a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 
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and a diameter of the inlet port in a radial direction of the valve plate is larger than a diameter of the 

inscribed circle. 

[0044] Preferably, a diameter of the inlet port perpendicular to a radial direction of the valve plate is larger 
than a diameter of the inscribed circle, and a diameter of the inlet port in the radial direction of the valve 
plate is larger than the diameter of the inscribed circle. 

[0045] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, and a diameter of the inlet port in a radial 
direction of the valve plate being larger than a diameter of the inscribed circle. 

[0046] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a center of an inscribed circle of 
the inlet port being located on a center line of the inlet valve, and a diameter of the inlet port in a radial 
direction of the valve plate being larger than a diameter of the inscribed circle. 

[0047] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a diameter of the inlet port 
perpendicular to a radial direction of the valve plate being larger than a diameter of the inscribed circle, and 
a diameter of the inlet port in a radial direction of the valve plate being larger than the diameter of the 
inscribed circle. 

[0048] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a center of an inscribed circle of the inlet port is located on a center line of the inlet valve, a diameter of 
the inlet port in a radial direction of the valve plate being larger than a diameter of the inscribed circle. 

[0049] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a diameter of an inlet port perpendicular to the radial direction of the valve plate is larger than a 
diameter of the inscribed circle, a diameter of the radial direction of the valve plate being larger than the 
diameter of the inscribed circle. 

[0050] Preferably, a center of an inscribed circle of the inlet port is located on a center line of the inlet valve, 
and a diameter of the inlet port perpendicular to a radial direction of the valve plate is larger than a diameter 
of the inscribed circle, a diameter of the inlet port in the radial direction of the valve plate being larger than 
the diameter of the inscribed circle. 

[0051] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per compression chamber, a center of an inscribed circle of the inlet port being 
located on a center line of the inlet valve, and a diameter of the inlet port in a radial direction of the valve 
plate being larger than the diameter of the inscribed circle. 

[0052] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, a diameter of the inlet port perpendicular to a 
radial direction of the valve plate being larger than a diameter of the inscribed circle, and a diameter of the 
inlet port in the radial direction of the valve plate being larger than the diameter of the inscribed circle. 

[0053] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, a center of an inscribed circle of 
the inlet port being located on a center line of the inlet valve, a diameter of the inlet port perpendicular to a 
radial direction of the valve plate being larger than a diameter of the inscribed circle, and a diameter of the 
inlet port in the radial direction of the valve plate being larger than the diameter of the inscribed circle. 
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[0054] Preferably, the inlet port is provided, at a rate of at least one inlet port per the compression chamber, 
and a center of an inscribed circle of the inlet port is located on a center line of the inlet valve, a diameter of 
the inlet port perpendicular to a radial direction of the valve plate being larger than a diameter of the 
inscribed circle, and a diameter of the inlet port in the radial direction of the valve plate being larger than the 
diameter of the inscribed circle. 

[0055] Preferably, the inlet port has a portion close to an inner peripheral surface of the cylinder bore, and 
opposite end portions of the inlet port in a circumferential direction of the valve plate are spaced from the 
inner peripheral surface of the cylinder bore by a predetermined distance, the inlet port being provided, at a 
rate of at least one inlet port per the compression chamber, a center of an inscribed circle of the inlet port 
being located on a center line of the inlet valve, a diameter of the inlet port perpendicular to a radial 
direction of the valve plate being larger than a diameter of the inscribed circle, and a diameter of the inlet 
port in the radial direction of the valve plate being larger than the diameter of the inscribed circle. 



Brief Description of the Drawings 



FIG. 1 is an expanded view of part of FIG. 2; 
FIG. 2 is a plan view of a valve plate; 
FIG. 3 is a plan view of a valve sheet; 

FIG. 4 is a longitudinal cross-sectional view of a variable capacity swash plate compressor according to an 
embodiment of the invention; 

FIG. 5 provide cross-sectional views taken on line V-V of FIG. 1 , in which FIG. 5 (a) is a view showing a 

closed state of an inlet valve, and FIG. 5 (b) is a view showing an open state of the same; 

FIG. 6 is a cross-sectional view taken on line VI-VI of FIG. 1 ; 

FIGS. 7 (a) to 7 (e) are views useful in explaining variations of the inlet port; and 

FIG. 8 is an expanded plan view of part of a valve plate of a conventional reciprocating refrigerant 

compressor. 



Best Mode for Carrying Out the Invention 



[0057] The invention will now be described in detail with reference to drawings showing preferred 
embodiments thereof. 

[0058] FIG. 4 shows a variable capacity swash plate compressor according to an embodiment of the 
invention; FIG. 2 is a plan view of a valve plate; FIG. 3 is a plan view of a valve sheet; FIG. 1 is an 
expanded view of part of FIG. 2; FIG. 5 provide cross-sectional views taken on line V-V of FIG. 1 , in which 
FIG. 5 (a) is a view showing a closed state of an inlet valve, and FIG. 5 (b) is a view showing an open state 
of the same; and FIG. 6 is a cross-sectional view taken on line VI-VI of FIG. 1 . 

[0059] This variable capacity swash plate compressor has a cylinder block 1 having one end thereof 
secured to a rear head (cylinder head) 3 via a valve plate 2 and the other end thereof secured to a front 
head 4. 

[0060] The cylinder block 1 has a plurality of cylinder bores 6 axially extending therethrough at 
predetermined circumferential intervals about the shaft 5. Each cylinder bore 6 has a piston 7 slidably 
received therein. The cylinder bore 6 defines a compression chamber 14 therein, the volume of which is 
changed with motion of the piston 7. 

[0061] The thrust flange 40 is rigidly fitted on the shaft 5, for rotation in unison with the same. The thrust 
flange 40 is rotatably supported on an inner wall of the front head 4 via a thrust bearing 33. The swash 
plate 1 0 is fitted on the shaft 5 via a hinge ball 9 such that it is slidable on the shaft 5 and at the same time 
tillable about a hinge ball 9 with respect to the shaft 5. 

[0062] Further, the swash plate 10 is connected to the thrust flange 40 via a linkage 41 , referred to 
hereinafter, for rotation in unison with the thrust flange 40 as the thrust flange 40 rotates. The swash plate 
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10 can tilt with respect to an imaginary plane perpendicular to the shaft 5. The swash plate 10 is coupled to 
concave portions 7a, 7b of the piston 7 via shoes 50, 51 . The shoes 50, 51 perform relative rotation on 
respective sliding surfaces 10a, 10b of the swash plate 1 0 as the shaft 5 rotates. 

[0063] The shaft 5 has one end thereof rotatably supported via a radial bearing 26 by the front head 4 and 
the other end thereof rotatably supported via a radial bearing 25 and a thrust bearing 24 by the cylinder 
block 1 . 

[0064] The linkage 41 is comprised of a guide groove 42 formed in a protruding portion 40a of the thrust 
flange 40, and a pin 43 fixed to an arm 1 0c of the swash plate 1 0. The longitudinal axis of the guide groove 
42 is inclined by a predetermined angle with respect to a plane 40b where the thrust flange 40 and the 
thrust bearing 43 are in contact with each other. The pin 43 has an end thereof relatively slidably fitted in 
the guide groove 42. 

[0065] A coil spring 47 is fitted between the thrust flange 40 and the swash plate 10, and the urging force of 
the coil spring 47 urges the swash plate 10 toward the cylinder block 1 . A stopper 48 for the hinge ball 9 is 
fitted between the cylinder block 1 and the hinge ball 9. 

[0066] Within the rear head 3, there are formed a suction chamber 13 and a discharge chamber 12 located 
around the discharge chamber 12. 

[0067] The valve plate 2 is formed with a plurality of outlet ports 61 each for communicating between the 
cylinder bore 6 and the discharge chamber 12, and a plurality of inlet ports 60 each for communicating 
between the cylinder bore 6 and the suction chamber 13. The outlet ports 61 and the inlet ports 60 are 
arranged at predetermined circumferential intervals. Further, the valve plate 2 is formed with holes 66, 62 
for inserting bolts 19, 31 , a hole 65 for inserting a positioning pin 21 for assembling the valve plate 2 with 
the cylinder block 1 , and a hole 63 forming part of a communication passage 44, referred to hereinafter. 

[0068] A valve sheet 1 1 is overlaid to the valve plate 2. As shown in FIG. 3, the valve sheet 1 1 is integrally 
formed with a plurality of suction valves 70 which are formed with a hole 71 for preventing the outlet port 61 
from being blocked by the suction valve 70. 

[0069] Further, the valve sheet 1 1 is formed with holes 76, 72, 75, 73 corresponding to the holes 66, 62, 65, 
63 of the valve plate 2, respectively. 

[0070] The outlet ports 61 are opened and closed by the outlet valves 1 5, and the outlet ports are opened 
and closed by the inlet valves 70. 

[0071] The respective numbers of the inlet valves 70, the outlet valves 15, the inlet ports 60, the outlet ports 
61 , and the compression chambers 14 are equal to the number (6 in this embodiment) of the cylinder bores 
6. 

[0072] The inlet port 60 and the outlet port 61 are located, as shown in FIG. 1 , inward of the opening edge 
of the cylinder bore 6. Further, the inlet ports 60 are located inward of the outlet ports 61 (radially inward in 
the valve plate 2). The center of an inscribed circle 67 of the inlet port 60 (circle corresponding to an area of 
a conventional inlet port) is located on a center line 1 of the inlet valve 70. The inlet port 60 is generally 
rhombus-shaped. The periphery of the inlet port 60 is in contact with the inscribed circle 67 at three points. 
Part of the opening edge of the inlet port 60 protrudes into the inside of the inlet port 60 to form protruding 
portions90, 91 , 92, 93, and each tangential line m drawn from these protruding portions 90, 91 , 92, 93 
intersect with the opening edge of the inlet port 60 at two points (FIG. 1 illustrates only example of the 
tangential line from the protruding portion 90 intersecting with the opening edge at points 95, 96). The inlet 
port 60 has two portions extending off the inscribed circle 67 in directions perpendicular to a radial direction 
of the valve plate 2, and one portion extending off the same in the radial direction of the valve plate 2. A 
diameter X of the inlet port 60 in the direction perpendicular to the radial direction of the valve plate 60 
(maximum diameter of the valve plate 60) and a diameter Y of the same in the radial direction of the inlet 
port 60 are both larger than the diameter L of the inscribed circle 67. The inlet ports 60 are provided, at a 
rate of one inlet port 60 per compression chamber 14. 

[0073] The inlet port 60 has a portion 68 close to the inner peripheral surface of the cylinder bore 6, and 
opposite end portions 77, 78 in the circumferential direction of the inlet port 15 are spaced from the inner 
peripheral surface of the cylinder bore 6 by a predetermined distance. The inlet valve 70 has an end thereof 



)://v3.espacenet.com/textdes?DB=EPODOC&IDX=WO0198657&F=0&QPN=WO01... 12/12/2007 



esp@cenet description view 



Page 8 of 10 



shaped such that it can block the inlet port 60. Opposite end portions 77, 78 of the end of the inlet valve 70 
in the circumferential direction of the valve plate 2 are also spaced from the inner peripheral surface of the 
cylinder bore 6 by a predetermined distance, similarly to the inlet port 60. 

[0074] The cylinder block 1 is formed with the communication passage 44 communicating between the 
suction chamber 13 and the crankcase 8, and a valve 45 is arranged across an intermediate portion of the 
communication passage 44 for opening and closing the passage 44. Further, a pressure control valve 32 is 
arranged across an intermediate portion of a communication passage 46 communicating between the 
discharge chamber 12 and the crankcase 8, for controlling pressure in the discharge chamber 12 and 
pressure in the crankcase 8. 

[0075] As shown in FIG. 5 (a) , a stopper recess 35 is formed in a portion of the opening edge of the 
cylinder bore 6 at a location opposed to the end of the inlet valve 70, for restricting the bend of the inlet 
value 70 during suction of the refrigerant gas. The stopper recess 35 sets a limit to the amount of bend 
(opening) of the inlet valve 70. 

[0076] Next, the operation of this variable capacity swash plate compressor will be described. 

[0077] As torque of an engine, not shown, installed on an automotive vehicle, not shown, is transmitted to 
the shaft 5 to rotate the same, the torque of the shaft 5 is transmitted to the swash plate 1 0 via the thrust 
flange 40 and the linkage 41 to cause rotation of the swash plate 10. When rotation of the swash plate 10 
causes the shoes 50, 51 to perform relative rotation on the respective sliding surfaces 1 0a, 1 0b of the 
swash plate 10, whereby the torque from the swash plate 10 is converted into the linear reciprocating 
motion of each piston 7. As the piston 7 slides in the cylinder bore 6, the volume of the compression 
chamber 14 within the cylinder bore 6 changes, which causes, suction, compression, and delivery of 
refrigerant gas to be sequentially carried out, whereby high-pressure refrigerant gas is delivered from the 
swash plate compressor in an amount corresponding to an angle of inclination of the swash plate 10. 

[0078] When thermal load on the compressor decreases and the pressure control valve 32 is closed to 
increase the pressure in the crankcase 8, the angle of inclination of the swash plate 10 becomes smaller, 
so that the length of stroke of the piston 7 is decreased to reduce the delivery quantity or capacity of the 
compressor. On the other hand, when thermal load on the compressor increases and the pressure control 
valve 32 opens the communication passage 46 to reduce the pressure in the crankcase 8, the angle of 
inclination of the swash plate 1 0 becomes larger, whereby the length of stroke of the piston 7 is increased 
to decrease the delivery quantity or capacity of the compressor. 

[0079] In the suction stroke, as the piston moves to the bottom dead center position, the difference between 
pressure in the compression chamber 14 and pressure in the suction chamber 13 is increased, so that as 
shown in FIG. 5 (b), the inlet valve 70 is bent into the compression chamber 14 to open the inlet port 60, via 
which the refrigerant flows from the suction chamber 13 into the compression chamber 14. At this time, load 
of the refrigerant acting on the inlet valve 70 is increased, which prevents the opening of the inlet valve 70 
from being delayed in timing. Further, since the center of the inscribed circle 67 of the inlet port 60 is 
positioned on the center line 1 of the inlet valve 70, the inlet valve 70 is hard to twist. When the refrigerant 
enters the compression chamber 14, the refrigerant flows in with a stream thereof being bent by the inlet 
valve in a radial direction of the cylinder bore 6. 

[0080] Since the diameter X of the inlet port 60 in the direction perpendicular to the radial direction of the 
valve plate (maximum diameter of the inlet port 60) and the diameter Y of the inlet port 60 in the radial 
direction of the valve plate are larger than the diameter L of the inscribed circle 67, the refrigerant is easy to 
flow in, resulting in an increased flow rate of the refrigerant. 

[0081] Further, since the opposite end portions 77, 78 of the end of the inlet valve 70 in the circumferential 
direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 6 by the 
predetermined distance, the refrigerant flows between the opposite end portions 77, 78 in the 
circumferential direction of the valve plate 2 and the inner peripheral surface of the cylinder bore 6, without 
having streams thereof being bent much, as shown in FIG. 6. 

[0082] In the compression stroke, as the piston 7 is moved to the top dead center position, the volume of 
the compression chamber 14 is progressively reduced to increase the pressure in the compression 
chamber 14. At this time, the inlet valve 70 is supported by the periphery of the inlet port 60. 
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[0083] In the delivery stroke, the volume of the compression chamber 14 becomes minimum, and the 
pressure in the compression chamber 14 becomes maximum. When there is produced a predetermined 
differential pressure between the compression chamber 14 and the discharge chamber 12, the outlet valve 
1 5 is bent into the discharge chamber 12 to open the outlet port 61 . At this time, the inlet valve 70 blocks 
the inlet port 60. 

[0084] According to this embodiment, the refrigerant becomes easy to flow into the compression chamber 
14, and when the refrigerant within the compression chamber 14 is compressed, the inlet valve 70 is 
supported by the periphery of the inlet port 60. Further, when the refrigerant is suctioned, the timing of 
opening of the inlet valve 70 is not delayed, which makes it possible to suppress the self-excited vibration of 
the inlet valve 70 which would be caused by delay in the timing. This makes it unnecessary to simply 
increase the size of the inlet port 60 or the number of holes of the inlet port 60, and hence possible to 
prevent deformation or breakage of the inlet valve 70 and resonance of the inlet valve 70 when the 
refrigerant is compressed, and at the same time, realize the improvement of suction efficiency and 
suppression of self-excited vibration of the inlet valve 70 when the refrigerant is suctioned. 

[0085] Further, since the minimum diameter of the inlet port 60 (the shortest straight line passing through 
the center of the inscribed circle 67; the line connecting between the protruding portion 90 and the 
protruding portion 93 in the present embodiment) is smaller than that of circular inlet port simply increased 
in size, the bending moment of the inlet valve 70 occurring when the refrigerant is compressed can be 
reduced whereby the reliability of the inlet valve 70 is enhanced. 

[0086] Moreover, the circumferential length of the opening edge of the inlet port 60 becomes longer, which 
makes it possible to reduce the shearing force produced between the periphery of the inlet port 60 and the 
inlet valve 70, and thereby enhance the reliability of the inlet valve 70. 

[0087] Further, the diameter X of the inlet port 60 perpendicular to the radial direction of the valve plate and 
the diameter Y of the inlet port 60 in the radial direction of the valve plate is larger than the diameter L of 
the inscribed circle 67, which increases the flow rate of the refrigerant flowing in. This enables the location 
of the stopper recess 35 to be made closer to the valve plate 2 to thereby further suppress the self-excited 
vibration without reducing the flow rate of the refrigerant flowing into the compression chamber 14. 

[0088] Moreover, when the refrigerant flows into the compression chamber 14, the refrigerant flows 
between the opposite end portions 77, 78 of the end of the inlet valve 70 in the circumferential direction of 
the valve plate and the inner peripheral surface of the cylinder bore 6 without having a stream thereof bent 
much, which makes it easier for the refrigerant to flow into the compression chamber 14. 

[0089] Further, since the center of the inscribed circle 67 of the inlet port 60 is positioned on the center line 
1 of the inlet valve 70, when the inlet valve 70 is opened, the inlet valve 70 is hard to be twisted. 

[0090] Further, since at least one inlet port 60 is provided for each compression chamber 14, the amount of 
refrigerant flowing into the compression chamber 14 is increased, which enhances charging efficiency of 
the refrigerant. 

[0091] FIGS. 7 (a) to 7 (b) are views showing inlet valves of the valve plate according to variations of the 
present embodiment. 

[0092] In a valve plate 1 02 shown in FIG. 7 (a) variation, an inlet port 160 has three portions expanded in 
respective directions of approximately 0 degrees, 120 degrees, and 240 degrees around the inscribed circle 
67 with respect to a predetermined location 168 of the inlet port 60. 

[0093] The opening edge of the inlet port 1 60 is formed with protruding portions 1 90, 1 91 , 1 92. 

[0094] In a valve plate 202 shown in FIG. 7 (b) variation, an inlet port 260 has two portions thereof 
expanded toward the outlet port 61 . 

[0095] The opening edge of the inlet port 260 is formed with a protruding portion 290. 

[0096] In a valve plate 302 shown in FIG. 7 (c) variation, an inlet port 360 has four portions expanded in 
respective directions of approximately 0 degrees, 90 degrees, 180 degrees, and 270 degrees around the 
inscribed circle 67 with respect to a predetermined location 368 of the inlet port 360. 
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[0097] The opening edge of the inlet port 360 is formed with protruding portions 390, 391 , 392, 393. 

[0098] In a valve plate 402 shown in FIG. 7 (d) variation, the inlet port in FIG. 7 (b) is rotated through 
approximately 1 80 degrees, whereby portions 468, 469 of the inlet port are made closer to the inner 
peripheral surface of the cylinder bore 6. 

[0099] The opening edge of the inlet port 460 is formed with a protruding portion 490. 

[0100] According to these variations, the same advantageous effects as provided by the above embodiment 
can be obtained. 

[0101] It should be noted that in the above embodiment, although the description is given of cases in which 
the diameter X of the inlet ports 60, 1 60, 260, 360, 460 in the direction perpendicular to the radial direction 
of the valve plate and the diameter Y in the radial direction of the valve plate are larger than the diameter L 
of the inscribed circle 67, the scope of application of the present invention is not limited to this, but the 
invention can be applied to compressors so long as they have a maximum diameter of an inlet port larger 
than the diameter of the inscribed circle. Further, two or more inlet ports 60 may be provided for each 
compression chamber 14. 

[01 02] Further, although in the above embodiment, the description is given of cases where the inlet ports 
60, 1 60. 260, 360, 460 are made closer to the opening edge of the cylinder bore 6, this is not limitative, but 
as in the case of the FIG. 7 (e) variation, an inlet port 560 may be made remoter from the opening edge of 
the cylinder bore 6. In this variation, the inlet port 560 has two portions thereof expanded in respective 
directions of approximately 0 degrees, 90 degrees, and 270 degrees around the inscribed circle 67 with 
respect to a predetermined location 568 of the inlet port 560. 

[0103] Further, although in the above embodiment, the variable capacity swash plate compressor is 
described as an example of the reciprocating refrigerant compressor, this is not limitative, but the present 
invention can be applied to other reciprocating refrigerant compressors, such as fixed capacity 
compressors and wobble plate compressors. 



Industrial Applicability 



[0104] As described heretofore, the reciprocating refrigerant compressor according to the present invention 
is useful for a refrigerant compressor of an air conditioner, particularly an automotive air conditioner, and a 
refrigerant compressor of a refrigeration system, and particularly suitable for suppressing noise. 
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RECI PROCATI NG REFRI GERANT COMPRESSOR 



Claims of corresponding document: EP1 298322 Tr^risiaie- this !e-;;t 



1 . A reciprocating refrigerant compressor including: 

a cylinder block having a cylinder bore, 

a compression chamber defined within the cylinder bore, 

a cylinder head that has a low-pressure chamber formed therein for receiving refrigerant gas to be drawn 
into the compression chamber, and is coupled to one end face of the cylinder block, 
a valve plate that is arranged between the compression chamber and the low-pressure chamber, and is 
formed with an inlet port for guiding the refrigerant from the low-pressure chamber into the compression 
chamber, and 

an inlet valve for opening and closing the inlet port, 

wherein the inlet valve has an end whose shape is adapted to a shape of the inlet port, 
characterized in that: 

the shape of the inlet port is non-circular, and a portion of an opening edge of the inlet port protrudes into 
the inside of the inlet port, with tangential lines drawn from the protruding portion intersecting with the 
opening edge of the inlet port at least two points. 



2. A reciprocating refrigerant compressor including: 

a cylinder block having a cylinder bore, 

a compression chamber defined within the cylinder bore, 

a cylinder head that has a low-pressure chamber formed therein for receiving refrigerant gas to be drawn 
into the compression chamber, and is coupled to one end face of the cylinder block, 
a valve plate that is arranged between the compression chamber and the low-pressure chamber, and is 
formed with an inlet port for guiding the refrigerant from the low-pressure chamber into the compression 
chamber, and 

an inlet valve for opening and closing the inlet port, 

wherein the inlet valve has an end whose shape is adapted to a shape of the inlet port, 
characterized in that: 

the shape of the inlet port is non-circular, and at least two portions of a periphery of the inlet port touch an 
inscribed circle, with a maximum diameter of the inlet port being larger than a diameter of the inscribed 

circle of the inlet port. 



3. A reciprocating refrigerant compressor including: 

a cylinder block having a cylinder bore, 

a compression chamber defined within the cylinder bore, 

a cylinder head that has a low-pressure chamber formed therein for receiving refrigerant gas to be drawn 
into the compression chamber, and is coupled to one end face of the cylinder block, 
a valve plate that is arranged between the compression chamber and the low-pressure chamber, and is 
formed with an inlet port for guiding the refrigerant from the low-pressure chamber into the compression 
chamber, and 

an inlet valve for opening and closing the inlet port, 

wherein the inlet valve has an end whose shape is adapted to a shape of the inlet port, 
characterized in that: 

the shape of the inlet port is non-circular, and at least two portions of the inlet port extend radially outward 
off an inscribed circle of the inlet port. 



4. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port has a portion close to 
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an inner peripheral surface of tine cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance. 

5. A reciprocating refrigerant compressor according to claim 2, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance. 

6. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance. 

7. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port is provided, at a rate of 
at least one inlet port per the compression chamber. 

8. A reciprocating refrigerant compressor according to claim 2, wherein the inlet port is provided, at a rate of 
at least one inlet port per the compression chamber. 

9. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port is provided, at a rate of 
at least one inlet port per the compression chamber. 

1 0. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber. 

11 . A reciprocating refrigerant compressor according to claim 2, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber. 

12. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and ' 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber. 

13. A reciprocating refrigerant compressor according to claim 1 , wherein a center of an inscribed circle of 
the inlet port is located on a center line of the inlet valve. 

14. A reciprocating refrigerant compressor according to claim 2, wherein a center of an inscribed circle of 
the inlet port is located on a center line of the inlet valve. 

15. A reciprocating refrigerant compressor according to claim 3, wherein a center of an inscribed circle of 
the inlet port is located on a center line of the inlet valve. 

1 6. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

1 7. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port is provided, at a rate 
of at least one inlet port per the compression chamber, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

1 8. A reciprocating refrigerant compressor according to claim 1 , wherein the inlet port has a portion close to 
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an inner peripheral surface of tine cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber, and 
wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

1 9. A reciprocating refrigerant compressor according to claim 2, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

20. A reciprocating refrigerant compressor according to claim 2, wherein the inlet port is provided, at a rate 
of at least one inlet port per the compression chamber, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

21 . A reciprocating refrigerant compressor according to claim 2, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber, and 
wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

22. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

23. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port is provided, at a rate 
of at least one inlet port per the compression chamber, and 

wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

24. A reciprocating refrigerant compressor according to claim 3, wherein the inlet port has a portion close to 
an inner peripheral surface of the cylinder bore, and opposite end portions of the inlet port in a 
circumferential direction of the valve plate are spaced from the inner peripheral surface of the cylinder bore 
by a predetermined distance, 

wherein the inlet port is provided, at a rate of at least one inlet port per the compression chamber, and 
wherein a center of an inscribed circle of the inlet port is located on a center line of the inlet valve. 

25. A reciprocating refrigerant compressor according to any one of claims 1 to 24, wherein a diameter of 
the inlet port perpendicular to a radial direction of the valve plate is larger than a diameter of the inscribed 
circle. 

26. A reciprocating refrigerant compressor according to any one of claims 1 to 25, wherein a diameter of 
the inlet port in a radial direction of the valve plate is larger than a diameter of the inscribed circle. 
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